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Introduction

The purpose of this project was to use NASA technology to assist the US Army Program
Executive Office for Ground Combat and Support Systems, Project Managers Office, Bradley Fighting
Vehicle Sysem, (PM-BFVYS), in the assessment of motion sickness incidences within the Command
and Control Vehicle (C2V). The C2V contains four workstations where military personne are
expected to perform command decision operations during combat conditions. This research meets the
NASA Human Exploration and Development (HEDS) objective of transferring NASA technology to
Earth-based applications. The present study aso serves as a demondtration of this technology for
evaluating environmental impact on individuals serving as elther passengers or crew on land, sea, air and
gpace vehicles.

A recently completed study conducted at the Y uma Proving Grounds (Cowings, Toscano &
DeRoshia, 1998), demonstrated that NASA’s methods employed for assessment of environmenta
impact on soldier hedth and performance could be successfully conducted under operationa field test
conditions. Eight active duty military men (US Army) a the Y uma Proving Grounds in Arizona
participated in this study. All subjects were given basdline performance tests while their physiologica
responses were monitored on the first day. On the second day of their participation subjects rode in the
C2V while their physiologica responses and performance measures were recorded.  Self-reports of
motion sickness were also recorded.

Results showed that only one subject experienced two episodes of vomiting. However, seven
of the eight subjects reported other motion sickness symptoms. The most frequently reported symptom
was drowsiness, which occurred atota of 19 times. Changesin physiologica responses were
observed relative to motion sickness symptoms reported and the different environmenta conditions (i.e.,
leve, hills, and gravd) during the field exercise. Performance data showed an overdl decrement during
the C2V exercise. These findings suggest that maaise and severe drowsiness can potentialy impact the
operationd efficiency of C2V crew. However, anumber of variables (e.g., individua’s deep duration
prior to the mission, previous experience in the vehicle) were not controlled and may have influenced the
results. Most notable was the fact that subjects with prior experience in the C2V al occupied seet 4
(located furthest forward) which was anecdotaly reported to be the least provocative position.
Nonetheless, it was possible to determine which factors most likely contributed to the results observed.
It was concluded that conflicting sensory information from the subject’ s visud digplays and movements
of the vehicle during the field exercise sgnificantly contributed to motion sckness symptoms observed in
both this study and the earlier study conducted at Camp Roberts, by the US Army Research
Laboratory (ARL).

The objectives of the Y uma study were successfully met. The use of three converging
indicators, (1) physiological monitoring, (2) subject self-reports of symptoms and, (3) measurements of
performance, were an effective means of evauating the incidence of motion sickness and the impact on
crew operational capacity inthe C2V. It was recommended that a second study be conducted to
further evauate the effect of seat position and orientation on motion sickness susceptibility.

The present study was a modification of the Yuma siudy using alarger sample population
(N=24), and three different vehicle configurations. The primary god of this investigation wasto
evauate the impact of C2V mobile field operations on crew performance, and to determine the effects
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of vehide configuration on motion sickness susceptibility, physiology and performance.

METHODS

Subjects: Twenty-four active duty military personnd (8 women and 16 men between the
ages of 18 — 34) participated in this study. Subjects were medicaly quaified for participation in these
tests following physica examinations performed by Army physicians. Subjects were briefed on the
experimental procedures, and their voluntary consent was obtained prior to the start of tests. Subjects
were ingructed to aostain from consuming acohol or medication (i.e., anti-motion sickness drugs or
antihistamines) throughout their participation in thisstudy. The research protocol was reviewed and
approved by the Indtitutional Review boards of both NASA Ames Research Center and the Army
Research Laboratory.

Apparatus:  Physiological M easures

The Autogenic-Feedback System-2 (AFS-2) is a portable belt-worn ambulatory monitoring
systemn designed to monitor human physiologica responses. This system was developed and tested on
agtronauts during a space shuttle misson in 1992, The physiological measures listed below were
recorded on the AFS-2, (see Figure 1), which includes a garment, transducers, biomedica amplifiers, a
digital wrist-worn feedback display and a cassette tape recorder. The entireinstrument is powered by
asdf-contained battery pack.

TRIAKIAL
ACCELEROMETER

== ECG ELECTRODES

. RESPIRATION
| TRANSDUICER

TAPE RECORDER
DIGITAL
ELECTROMICE
MODULE

SCL ELECTRODES
(OBSCURED
FROM WIEWY)

WRIST
; DISFLAY
JUNCTION ANALOG LRI

BOX MODULE  ELECTRONICS TRANSDUCER RING

MODULE (EVFITEMF)

Figure 1. Anillustration of the Autogenic-Feedback System-2 (AFS-2)
and photo of a soldier wearing the AFS-2.

BATTERY
P
MODULE

(1) Electrocardiograph (ECG): Pregelled disposable electrodes were placed on the chest just below
the left and right clavides (digdly), and on the left midclavicular line over the fourth intercostal space.
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(2) Respiration Rete (RR): Respiration amplitude and frequency were measured with a piezodectric
transducer attached to the garment with snaps over the chest.

(3) Finger Pulse Volume (FPV): Rdative changes in periphera vasomotor activity were monitored
using an infrared photoplethysmograph. A miniature light emitter/diode mounted within aring transducer
was placed on the inner surface of the smdl finger on the left hand.

(4) Skin Temperature (ST): A solid-state temperature transducer (Anaog Devices, modd AD590)
was mounted within the same ring as the FPV transducer. ST was used as a relative measure of
periphera blood volume.

(5) Skin Conductance Level (SCL); Absolute changesin the eectrolytic properties of the skin were
monitored from disposable eectrodes. These pregelled, self-adhesive eectrodes were mounted on the
volar surface of the left wridt.

(6) A triaxial accelerometer — was used to measure head and upper-body movements of subjects
during fidld tests within the C2V. This device was attached to the soldiers hats or hdmets with tape.

DELTA Performance Tasks

The DELTA human performance measuring system is an upgraded software verson of the
Automated Performance Test System (APTS), which was devel oped as an assessment tool for human
performance (Kennedy et. d, 1985). The APTS was devel oped with emphasis on within-subjects,
repeated- measures designs, and has been proven both reliable and vaid in a number of investigations,
and adminigtration takes gpproximately 15 minutes or less, depending upon the test battery
configuration. The DELTA test battery has been used extensvely to study the effects of environmenta
and chemical stressors on human performance. Our own research group has used the APTS version of
this computer based performance task battery to successfully to evaluate the effects of promethazine on
human performance and motion sckness susceptibility (Cowings, et. d, 1995) and during bed-rest
studies (DeRoshia& Greenleaf, 1993). For some subtests, the performance metric was “accuracy”,
(number of correct responses minus number of errors); or “speed” (responses per second). The
manua dexterity tests were evaluated on the number of dternate key pressesinthetime alowed. A
brief description of the seven subtests used in this experiment is provided below.

Three-choicereaction time (60 seconds, difficulty levd 3). Thistest involved the presentation of a
visua stimulus and measurement of response latency to the simulus. The subject’s task wasto
respond as quickly as possible with akey pressto asmple visud simulus. On thistest, three
"outlined" boxes were displayed and one of the three boxes was "filled". A short tone preceded
thefilling of abox to sgnd that a"change’ in the status of abox was about to occur. The box
changed from "outlined" to "filled". The subject was required to scan the boxes for the change
and then press the numeric key corresponding to the box that had changed. Thistest measures
response latency between the presentation of the stimulus and the response in milliseonds

(metric=speed).
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Code substitution (75 seconds). The computer displayed nine characters across the top of the screen.
Benegth them, the numbers one through nine were digplayed within parentheses. The subject's
task was to associate the number with the character aboveit. Thisis called the subject's
"code'. Under the code were two rows of characters with empty parentheses benegth them.
The subject responded by pressing the number associated with the character from the code
above. When the subject completed arow, the bottom row moved to the top, and a new row
appeared below. Thisisamixed associative memory and perceptua test with visua search
encoding/decoding and incorporates memory recal and perceptual speed. (metric=accuracy).

Pattern comparison (75 seconds). The task involves comparing two patterns of asterisks that are
displayed on the screen smultaneoudy. The subject's task was to determine if the patterns are
the same or different and responded by pressng 'S’ or "D" key. Thisisatest of integrative
gpatid function and may be compared to the ability of recognizing changesin radar screen or
map displays. (metric=accuracy).

Preferred hand tapping (10 seconds). In this test, the subject was required to press the indicated
keys asfast as possble with two fingers of the preferred or dominant hand. Correct responses
were based on the number of dternate key presses made in the dlotted time. Non-preferred
hand tapping was smilarly conducted using the non-dominant hand. These tapping tests
measure manua motor skill and coordination. (metric=number of aternate key presses).

Grammatical reasoning (90 seconds). Stimulus items were sentences of varying syntactic structure
(e.g., A precedes B) accompanied by aset of letters (eg., AB). The sentences were generated
from possible combinations of five conditions: (1) active versus passive wording; (2) postive
versus negative wording; (3) key words such as "follows" and "precedes;” (4) order of
gppearance of the two symbols within the sentence; and (5) order of the lettersin the
smultaneoudy presented symbol set. The subject's task was to read and comprehend whether
the sentence correctly described the sequence of symbols, which appeared on the screen to the
right of the sentence. The subject responded by pressing the"T" (true) or "F' (fase) keys. This
test measures cognitive reasoning, logic and verbd ability and assesses an anaytic function.
(metric=accuracy).

Mankin spatial transfor mation test (60 seconds). Thistest presents afigure of asailor on the screen
with abox below hisfeet and abox in each hand. A patern (©©©©O©© or ™ " " " " ™)
gopearsin the box beow which matches the pattern in the box in one of his hands. The figure
gtands elther facing away or toward the subject (right-side up or upside own). The objective
of thistask is to determine which hand (right or left) matches the objects that gppears in the box
on which the sallor is standing. The subject responds by pressing one of the two arrow keys,
(i.e, toindicate left or right hand). This test measures the ability to spatidly transform mentd
images and determine the orientation of a given stimulus. (metric=accuracy).

Symptom Diagnostic Scale. (60 seconds)
At specific intervals test subjects within the C2V were asked to report any symptoms they may

be experiencing usng computers at their workstations. A computer program allowed the subject to rate
his own symptoms using a standardized diagnostic scoring procedure referred to as the Coriolis
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Sickness Susceptibility Index, or CSSl (Graybid, Wood, Miller, & Cramer, 1968; Cowings, €. d,
1986). Table 1 below shows the questions presented to each test participant.

The presence or absence and/or strength of symptoms were assessed subjectively by the
subject (none“0”, mild "1,” moderate "2,” or severe"3"). These symptoms included drowsiness,
swegting, sdivation, palor and nausea. Other symptoms were rated as Additional Qudifying
Symptoms (ADQ), and were scored as “none, mild or moderate” levels only. Theseincluded increased
warmth, dizziness and headache. Stomach sensations were evaluated on five levels. Stomach
awareness, was described as not nausea and not particularly uncomfortable, but as an increased
awareness of the ssomach (e.g., hunger). It was scored as either none (0) or mild (1). Stomach
discomfort was described as not nausea, but becoming increasingly uncomfortable (e.g., lump in the
throat or ssomach distended by gas). It was scored as either none (0), or moderate (2). Nauseawas
reported when it could clearly be differentiated from stomach awareness and stcomach discomfort, and
was reported as none (0), mild (1) moderate (2), severe (3). Frank vomiting was indicated as “yes’ or
“no” and was enumerated by the responding to the question, “how often?’

TABLE 1. Symptom Diagnostic Scale

Severity Level none mild moderat | severe
e
0 1 2 3

Areyou fedling war mer ? --

Do you have any dizziness? --

Do you have a headache? --

Areyou drowsy?

Areyou salivating mor €?

Do you havefacial pallor?

Areyou sweating?

Do you feel stomach awar eness? - -

Do you have ssomach discomfort? - --

Do you have any nausea?

Have you vomited today? yes no

If yes, how often?

The different symptoms and symptom severity were “weighted” by the experimenter when
cadculating amaaise level after tests have been completed. Motion sickness scores greater than 0 and
less than or equd to 2 points represent mild maaise, scores greater than 2 and less than 8 represent
moderate malaise; scores of 8 or higher represent severe maaise with 16 points scored for vomiting
(i.e, frank sckness).
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Mood/Sleep Scale. (60 seconds). Immediately following the Diagnostic Scale, a second program
queried the subject on his current mood and dertness. A 10-point visud-anaog scale (DeRoshia &
Greenleaf, 1993) was used to input responses to questions.  The subject moved a cursor on adide bar
presented on his screen with the left/right arrow keys. There were descriptive adjectives at each end of
the dide-bar, and the subject’ s task was to position the cursor to enter hisresponse. The higher the
score, the more favorable the response. Lastly, the scale queried subjects on deep qudity by asking if
they had trouble faling adegp and how many times they awoke during the previous night. Table 2
shows the specific mood states and deep questions.

TABLE 2. Mood/Seep Scale

Motivation Bored(0)--------------------- | nterested(10)
Arousd date Seepy (0)------------------------ Alert(10)
Fatigue Leve Weary (0)--------------------- Energetic(10)
Ease of concentration Very low (0)------------------- Very high(10)
Psychologicd Tenson Tense (0)---------------------- Relaxed (10)

Elation Sad (0)-==========nnemcmmnnen- Happy (10)
Physicd discomfort Very high (0),----------------- Very low (10)
Contentedness Unpleasant (0)------------------ Pleasant(10)
Troublefdling adeep Much worse (0),----------------- Much better (10)
How many times did you wake up last night 0-6)? Amount

Vehicles

Three vehicle configurations were tested in this experiment. Vehicle 1, oblique, where the seat
4 faced forward and the remaining three seats were at a 20-degree angle from the direction of travel.
Vehicle 2, perpendicular, where sest 4 faced forward, but the remaining three sestswere at a 90
degree angle from the direction of travel. And Vehicle 3, 4-forward, in which al four seats faced
toward the direction of travel. Figure 2 below isadiagram of the interior seat orientation of these
vehicles. Figure 3 shows the locations of the computer workstations in the oblique and 4-forward
vehicdles.

4-forward

Oblique Perpendicular

Figure 2. Seat configurationsin thethree vehiclestested.
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Figure 3. Insdeview of computer work stationsin the oblique (left)
and 4-forward (right) vehicles.

Procedures

Each subject participated for 15 daysin this study: 2 days of classroom ingruction in an office
fadlity (4-5 hours each day); 12 days of fidd testsin the C2V (4-5 hours per day), and 15 minutes of
post-field test performance conducted at the end of the last field test, (15 subjects) or two days after
the last field test (8 subjects).

Classroom I nstruction

On thefirgt training day, subjects received an experiment briefing from NASA and Army
collaborators. During the two classroom ingtruction days, al soldiers were trained on the Delta task
battery (four trids per day, 8 totd), AFS-2 system operation, and methods for rating their symptoms.
The Detatask batteries, mood and symptom reporting scales were presented on a computer system
identica to those mounted inthe C2V. Investigators worked with soldiers one-on-one, (8 soldiers per
day) to assure their familiarity with test procedures and operation of the AFS-2. On one day of the
classroom ingtruction, each soldier was required to wear the AFS-2, which recorded “basdling’ data
over a4-5 hour period. Soldiers were adso trained by ARL personnd to perform another set of tasks
(not scored) using laptop computers. These additiona performance tasks, (Computer Controlled
Automated Battery - CCAB) and manua tasks (map reading, radio communication), were dso
adminigtered during the 4-hour field testsin the C2V. The purpose of these additiona tasks was to
occupy the soldiers during field tests when the NASA tasks were not being performed, and they
amulaed functions typicaly performed by C2V crew.

In addition to training the test participants, Six individuas who were designated data collectors,
aso recaeived indruction on experiment methods. The data collectors assisted the soldiersin donning
and doffing the AFS-2 on the field test days. They took subject’ s vitd Sgns (pulse, temperature and
blood pressure), before and after C2V tests and assured that each soldier was assigned to the proper
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vehicle and seat required by the experimenta design. Further, they were assigned to ride with the
subjects during the actual field tests. The data collectors received radioed instructions, relayed by the
vehicdle driver from an experiment monitoring Sation. In this station, an assgned duty officer would call
out the start times for specific tasks to be performed. Data collectors were then required to inform the
soldiers within their vehicles, and make written notes of any problem (i.e,, vehicle, hardware or software
malfunctions), encountered during the day.

Figure 3 shows pictures of the classroom ingtruction setting. The photos on top show soldiers
recelving individud ingtruction on the operation of the Detatask batteries, mood and diagnogtic scales.
Laptop computers used for training on the CCAB tasks were on adjacent tables. The lower photos
show the screen views that soldiers observed when performing the Mankin (left) and Code Substitution
tasks (right). Figure 4 shows the setting for training operation of the AFS-2 ambulatory monitoring
system and for teaching data collectors their required duties during the experiment.

Figure 3. Training on performance tasks, mood, deep and diagnostic scales.
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Figure4. Training of data collectorsand subjects on AFS-2 operation and daily
procedures.

C2V Field Tests

Following classroom training, each subject was required to ride four timesin each of the three
vehicles. During each C2V tedt, subjects were assigned to a different seet in the vehicle. Figure 4
below shows the scheduled activities on field tests days, and the distribution of tasks performed by
subjects during each 4-hour test. Following an initid “Parked * condition (15-20 min. duration),
vehicles proceeded through four “Move’ conditions (gpproximately 40-min. duration), interspersed with
four “ Short-hat” conditions (15-20 min) including one Short-hdt at the end of the field tests.
Physiologica datawere only collected on those days when a subject was assigned to seet 1 or seat 3.
NASA task batteries, mood and diagnostic scales were collected only during the Parked condition, two
of the Moves (1 and 4) and three of the Short-hat conditions (2,3 and 4). Physiologica data tapes,
computer task files and information on each subject as well astest schedule changes were sert to
NASA and university collaborators after the completion of each test day.

0 1

H 2 3 4
our Hour Hour Hour Hour
L
Parked
Stationar
Movement Schedule onary
Moving
1 hour 20 min 15_min 20_min 20 min ’\jo\n'l?rir 1 hour
Parked tationary :,AO min Stationary 20 mir?tauonary 30 min _ Stationary 40 min 920 min Parked
oving Moving Moving Moving tation

Administrative

Delta Battery
Crew Activities Manual Tasks
CCAB Automated Tasks

Instrument Crews 20 15 1»5 15 15 20 rﬁ% n:—)in De-Instrument Crews
- i i min min min min min min i
Pre-Questionnaire 5 20 20 15 10 20 20 Post-Questionnaire

Figure4. Daily schedule of field test movement profile and crew activities.
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Figure 4 above shows when the Delta battery (which included mood and diagnostic scaes),
manua and CCAB tasks were administered. The red and green areas indicate when the vehicle was
dationary or moving. The gray areas before and after the field test show when soldiers donned and
doffed the AFS-2, and when “entry’ and “exit” questionnaires (e.g., prior night's deep, medications
taken, level of motivation) were administered.

C2V Test Schedule

An optima experimental design required that subject assgnment to vehicles and sests be
counterbalanced. However, thiswas not possible because vehicle 2, perpendicular, was not available
until near the end of the experiment. Vehicles 1 and 3 (oblique and 4-forward) operated side-by-side,
with each vehicle making the same duration move and short- hat excursons whenever possible. Some
of the scheduled test days were canceled and later rescheduled because of problems encountered with
vehicle operations or computer hardware and software failures.

Table 4 below shows the complete experiment schedule as it was conducted over a 28-day
period. The vehicles and seats are designated as V1- 3, (oblique, perpendicular and 4-forward), and
S1-4 (seats 1 to 4). Thefirst four days, labeled P1-P4, represented “pilot” tests, during which field
operations were tested, and procedura problems resolved. The remaining days were labeled D 1-24.
As can be seen from thistable, vehicle 2 was not available until D-15.

Subjects 1-8, and 17-24 were dways tested in the morning, between 8:00 AM and noon, while
subjects 9-16 were tested in the afternoon from 13:00 to 17:00. All subjects were tested on aternate
days, alowing one day of rest between C2V exposures. On dternate days throughout the experiment,
tests were conducted in the AM only (subjects 17-24) alowing time for vehicde maintenance and repair
in the afternoon.

Theydlow aress in this table indicate which subjects wore the AFS-2 ambulatory monitoring
systemn, and their planned seat/vehicle locations. The gray areas represent days when field operations
were canceled and when replacement tests were rescheduled. None-the-less, there were severd field
tests not replaced (e.g, due to individua workstation mafunction leading to loss of data, or vehicle
malfunction leading to abbreviated tests). Vehicle 2 (perpendicular) had the greatest number of missed
fidd tests.
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Table 4. Complete Experiment Schedule and Replacement Dates
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Results:
. Motion Sickness

All 24 soldiers reported symptoms of motion sickness to some degree during C2V
operations, with 55% reporting symptoms that ranged from moderate to severe maaise
(>2 points). Figure 5 shows the mean diagnostic score for dl tests of each soldier.

Motion Sickness Malaise of Individuals During C2V Field Tests

women - men
22

20
18
16
14
12
10

diagnostic score

O N b O ©

—mmmnmm BN

9 23 10 14 8 3 13 12 17 1 20 5 19 18 4 11 21 24 22 15 6 2 7 16

subject number

Figure5. Malaise scores of all soldiers, averaged across vehicles, seats, and conditions.
*Subject 7 withdrew from the experiment

Motion sickness composite scores (based on acumulative total of dl symptoms) were caculated
from the field test data providing 36 scores for each subject (3 vehicles x 4 seats x 3 conditions). A
Friedman repeated measures ANOVA of dl dependent measures was highly significant (F=133.87, df=35,
p<1.74E-10). Wilcoxon paired tests reveded no significant differences between vehicles for the park,
move, or short-hat conditions. However, there was a Sgnificant increase in motion sickness within vehicles
when conditions changed from park to move (oblique, p<0.0002; perpendicular, p<0.002; and 4-forward,
p<0.00009), and from park to short halt (oblique, p<0.0003; perpendicular, p<0.005; 4-forward,
p<0.00007).

Figure 6 shows the mean symptom scores of subjectsin each seat and vehicle across the three field
test conditions. Although motion sickness scores were higher in vehicle 1, seat 3 there was no significant
difference between seet 3 in any of the vehicles during the move condition. Further, there was no significant
difference between seat 3 and any of the other seats in the oblique vehicle during the move or short halt
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conditions. It should be noted, however, that during the short hat condition, motion sickness levels were
sgnificantly higher in the oblique vehide seat 3 than in the 4-forward vehicle seat 3 (p<0.05).

mean diaghostic scores

Motion Sickness During C2V Field Tests

park @ move @ s-halt

seatl seat2 seat3 seat4 seatl seat2 seat3 seat4 seatl seat2 seat3 seat4
oblique perpendicular 4-foward

Figure 7. Average malaise scoresin each vehicle and seat in park, move, and short-halt
conditions (n=23).

Figure 8 below shows the specific symptoms ranked by the percentage of subjects reporting
them in each of the three vehicles. Drowsiness was reported most frequently in 60-70 % of the
subjects. The next most often reported symptom was headache (40-56% of subjects) followed by
the sensation of increased warmth (40-45%) and nausea (35-42%). Less severe symptoms of
stomach discomfort (Epigastric Discomfort, ED) and unusua awareness of ssomach sensations
(Epigastric Awareness, EA) were reported by at least 20% of the soldiers. Although actud vomiting
episodes occurred in less than15% of the soldiers, it tended to occur repegtedly in the same
individuas.

Figure 9 shows the percentage of subjects reporting drowsiness in each seat and vehicle
across conditions. Inspection of this graph shows that drowsiness increased three-fold as the vehicle
condition changed from park to move to short-hat. Consequently, this symptom was probably not
due to deep loss on the nights prior to field tests, (i.e., subjects arriving at the tests already drowsy).
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Specific Motion Sickness Symptoms Reported
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Figure 8. The percentage of subjectsreporting specific symptoms during C2V
field operations.

Drowsiness Reported During C2V Field Tests

park @ move M s-halt

100
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percent of subjects
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oblique perpendicular 4-foward

Figure 9. Percentage of subjectsreporting drowsinessin each seat and vehicle acr oss
conditionsin thefield tests.
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During theinitia eight training trials in the dassroom, dl performance subtest variables of
interest (accuracy, latency, errors) stabilized after one training tria with respect to subtest variance
(Cochran’s test for homoscedadticity of variance). All subtest variables stabilized after five sessons
with respect to subtest mean (linear regression dope test, p>0.05) except for the choice reaction
time mean adjusted latency, which required six sessons for stabilization. Some of the subjects
reported for training sessions with significant prior night deep loss. Attention lapses in the reaction
time or grammatical reasoning subtestsin these subjects were noted by the experimenter prior to
knowledge of their deep loss since they are a common symptom of the effects of deep loss on
performance (Webb 1968).

Raw performance scores were converted to z-scores for subsequent analyses. Z-scores
were cdculated for each subject by subtracting field test scores from the mean of dl data (training,
field tests, and posttest scores) and then dividing by the standard deviation. Missing data were
replaced by interpolated means. A measure of composite performance was obtained by averaging
Z-scores across the seven subtests for each vehicle, seat and condition. Table 5 shows the summary
results from ANOVA'’s (3 vehicles x 4 seats x 3 conditions) of performance z-scores for each
subtest. The vehicle x condition and seat x condition interactions were sources of variance of most
interest to the question of performance effectsin the different vehicle configurations.

Table5. ANOVA Resaults of Performance Subtests

COMPOSITE NPTAP MANKIN REASON
Source df F p< | F p< | F p< | F p<
Vehide 2,44 ns ns 7.09, 0.002 ns
Seat 3,66 3.67, 0.03| 4.90, 0.007 ns ns
Condition 2,44 44.48, 6.89E-11 | 29.42, 2.29E-08 | 7.23, 0.003 | 18.22, 2.00E-06
Veh. x Seat 6,132 ns 4.06, 0.002 ns ns
Veh. x Cond. | 4,88 4.87, 0.005 | 4.95, 0.003 | 3.74, 0.01 | 2.74, 0.04
Seat x Cond. | 6,132 ns ns ns ns
VxSxC 12,264 ns ns ns ns
cobsuB PHTAP PATRNC REACT3
Sour ce af F p< | F p< | F p< | F p<
Vehide 2,44 8.43 0.001 Ns ns 57.9, 3.01E-12
Seat 3,66 ns 10.84, 0.00003 ns ns
Condition 2,44 20.53, 0.00001 | 32.73, 3.95E-09 ns 11.84, 0.0001
Veh. x Seat 6,132 ns ns ns ns
Veh. x Cond. | 4,88 ns ns ns ns
Seat x Cond. | 6,132 ns 2.54, 0.03 ns ns
VxSxC 12,264 ns 2.29, 0.03 ns ns
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The vehicle x condition interaction was sgnificant for the non-preferred hand tapping
(NPTAP), spatid transformation (MANKIN), grammatical reasoning (REASON), and the
composite (mean of dl tests).  Table 6 below shows the results of post-hoc comparison tests
(Tukey’ sHSD).

Table5. Tukey’sHSD Multiple Comparisons of Vehicle x Condition

Park vs. Move

Oblique Per pendicular 4-Forward
COMPOSITE p<4.05E-06 p<2.26E-06 ns
NPTAP p<2.32E-06 p<2.26E-06 ns
MANKIN ns p<0.002 ns
REASON ns p<0.00008 ns
Park vs. Short-halt
COMPOSITE p<0.004 p<0.03 ns
NPTAP p<0.0001 ns ns
MANKIN ns ns ns
REASON ns ns ns
Move vs. Short-halt
COMPOSITE ns p<0.002 ns
NPTAP ns p<0.02 ns
MANKIN ns ns ns
REASON p<0.003 ns ns

A surprising result showed that the composite performance scores of soldiers did not
degrade sgnificantly in vehicle 3 (4-forward) between conditions. However, further analyses
revealed that that the composite score was heavily weighted by only 3 of the 7 subtests. NPTAP
did not degrade across any of the conditions in the 4-forward vehicle, nor in the comparison of
Move vs. Short Hdlt in the oblique vehicle, or between Park vs. Short-halt in the perpendicular
vehides. Smilarly, REASON showed no significant decrement in vehicle 3 (4-forward) between
conditions, nor wasit degraded in vehicle 1 (oblique) during the Park vs. Move or Park vs. Short-
Hat. Andin vehicle 3 (perpendicuar), dthough there was a profound decrement in this
performance metric in the Park vs. Move comparison, this decrement was not significant during the
Park vs. Short-Halt or the Move vs. Short-hdt conditions.

These results indicate thet the soldiers ability to perform this task improved when the vehicle
stopped. Interestingly, only the MANKIN task actually showed a genera trend of improvement
throughout the course of field tests with a significant decrease in this metric occurring only in the
perpendicular vehicle during the Park vs. Move comparison.




C2V Finad Report Page 19

Theinteraction seat X condition interaction was only significant for the preferred hand-
tapping subtest (PHTAP). Pogt-hoc tests showed that this performance metric was significantly
degraded in dl seats (p<0.02 or lower) except for seat 4, the one Situated closest to the front and
which dways faced forward in dl vehicles. Further, only PHTAP was significant for the vehicle x
segts x condition interaction. Post-hoc tests showed that only in seat 1 (most rear) in the oblique
vehicle was this task significantly degraded, and only during the Short-halt condition (p<0.01 or
lower).

Two methods for describing the degree of performance decrement observed in this
experiment were used. The first was based on a percent change from basdline scores. Basdline
scores for each subtest for each subject were computed as the average of the last training session
(trid 8) performed in the classroom prior to the start of field tests and the pogt-field test session
conducted at the end of the experiment. These basdline scores were computed to establish an
approximate baseline to accommodate practice effects, which modulated performance, levels during
thefield test batteries. These practice effects occurred during the course of 29-84 repetitions of the
performance test batteries performed by the soldiers. Due to the differing number of test betteries
performed in the C2V, performance improvement from training trial 8 to the post-filed test day
ranged from 1.4% to 43.7%. Figure 9 shows percent performance changes for the composite
scores and each for subtests observed in al seats, vehicles and across field test conditions.

Performance decrements were evaluated for potential operationa significance by establishing
asubject impairment index and Blood Alcohol Leve dose equivaency (BAL%) based on the
percentage of basdline scores. The subject impairment criterion was defined as at least a 5%
performance decrement (negetive percent change) in at least 5 of the seven performance battery
subtests (Turnage & Kennedy, 1992). The probability of at least 5 subtest exceeding this criterionis
p<0.02, based upon a Monte Carlo smulation of performance subtest changes using performance
data obtained from a prior human study (Cowings, et. d 1996). Thisimparment occurred in nearly
half (11 of 24) of the participating soldiers. A performance decrement >5% was observed in 22 of
the 24 subjects for at least two subtests and in more than 20 subjects for at least three subtests (see
figure 10).

The second operationd impairment index involved the converson of performance percent
subtest decrementsto BAL%. Datafrom astudy of performance subtest responses to acohol levels
from 0.0 -0.15 BAL% (Kennedy, Turner & Wilkes, 1993), were converted from number of correct
responses to percent net accuracy change for each subtest common to both studies. Linear
regression on percent subtest change againgt BAL % was then performed for BAL% from 0.0-
0.05% and from 0.05-0.15%. The obtained regression coefficients were then used to convert
percent decrement for each subtest in this study to BAL%. To establish the regression coefficients
for the composite performance metric, the percent decrements for each subtest at each BAL% in the
K ennedy study were weighted by the variance explained by linear regression (F ratio), and the
weighted mean decrements were then used to establish the regression coefficients for composite
performance. We established two BAL % impairment criteriafor the observed performance
decrements. BAL%>0.08, which isthe legd definition of impairment in most American ates
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(Dement, 1997), and BAL%>0.025, which is the minimum level found to be associated with
sgnificant operationa performance errors (Billings, et d., 1991).



C2V Fina Report Page 21

Performance Changes During C2V Field Tests
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Figure 9. Performance percentages expressed as changes from baseline for all
subtests. Labelson the x-axis (s1-s4) represent seats 1-4.
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Oat least 30% M at least 25%
O at least 20% O at least 15%

at least 10% 0O at least 5%

Multiple Subtests Degraded by C2V movement
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}
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Figure 10. Number of subjects showing degraded skills of 5% to 30% on oneto
seven of the performance subtests

Figurell below shows blood acohol level equivalency scores (BAL%) of subjects during park,
move, and short hat conditions. Eight subjects showed BAL% levels of >0.08 during the move
conditions while 19 of 23 subjects showed aBAL% of >0.025 during this condition. Table 6 below
indicates the individua subjects ranked for percent performance changes and comparable BAL%

Blood Alcohol Level Equivalency Scores B>.08 BAL%
Across Field Conditions in the C2V ®>.025 BAL%

Number of Subjects
(=Y
o
L

Park Move S-halt

Figure 11. Number of subjectswith BAL% scores of >0.08 and >0.025 during field test
condition
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Table 6. Individuals Ranked by Percent Performance Changes as BAL %.

SUBTEST MEAN PERCENTAGES FROM BASELINE BAL% EQUIVALENCE
Subject Pack Move S-hdt Subject Park Move S-hdt
4 961 045 385 4 0.000 0.000 0.000
12 873 699 393 12 0.000 0.000 0.000
19 1042 484  7.66 19 0.000 0.000 0.000
17 128 -0.79 246 17 0.000 0.008 0.000
11 521 -303 195 11 0.000 0.031 0.000
2 349 -352 376 2 0.000 0.036 0.000
5 -060 -3.69 -3.71 5 0.006 0.038 0.038
8* -520 -4.06 -1.98 8* 0.052 0.041 0.020
1 386 -508 -531 1 0.000 0.051 0.053
18 -329 -519 -574 18 0.034 0.052 0.055
9 -301 -532 -294 9 0.031 0.053 0.030
21 241 -6.97 -3.69 21 0.000 0.062 0.038
10 -288 -851 -6.18 10 0.029 0.071 0.058
20 -062 -881 052 20 0.006 0.073 0.000
6 587 -886 -853 6 0.000 0.073 0.071
15 -429 -1053 -5.36 15 0.044 0.083 0.053
13 032 -11.66 -4.53 13 0.000 0.089 0.046
3 185 -1198 -6.73 3 0.000 0.091 0.061
24 -574 -1539 -10.54 24 0.055 0.111 0.083
23 -6.00 -15.64 -18.08 23 0.057 0.113 0.127
22 -10.13 -17.70 -11.33 22 0.081 0.124 0.088
14 -15.80 -20.89 -11.98 14 0.113 0.143 0.091
16 -2043 -32.62 -25.24 16 0.140 0.211 0.168

Grammatica reasoning results deleted for subject 8 due to anomaliesin his data.
[11.  Mood and Sleep

The Activation Mood Dimension (i.e,, readiness to perform) indicates a state of vigor, energetic
arousd, or bodily reactivity in which changesin arousa are associated with changesin energy levels.
The Affective Mood Dimension (i.e., self- perception of readiness) reflects fedings or emotion
associated with amenta state in which changesin arousal are associated with changesin psychologica
tenson. Figure 12 shows the mood scores for both the activation and affective dimensionsin each
vehicle and seat acrosstest conditions. Higher scores reflect more positive mood states.
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Figure 12. Activation and affective mood dimensions across field test conditions (n=23).

Mood ratings measured during the field tests provided 36 scores for each subject (3 vehicles x

4 seats x 3 conditions). Friedman ANOV A’ s for the activation and affective dimensions were both
highly significant, (F=102.29, df=35, p<1.63E-08, and F=88.23, df=35, p<1.73E-06, respectively). It
is clear from inspecting figure 12 that both mood dimensions showed a progressive deterioration across
field conditions. To examine specific differences between vehicles and sedts, rdlative to Park, Move
and Short-hat conditions, subsequent Wilcoxon paired tests were performed. For activation scores
there were generdly significant decreases (p<0.01) from Parked to Move and Parked to Short- halt.
The only exceptions were the rear two seets (seats 1 and 2) in the perpendicular vehicle, which may be
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related to the lower initid levels observed in the Parked condition. For affective scores, there was again
agenerd decline acrossfidd conditions. However, this dimension showed fewer significant changes
than the activation dimension. Scores were generdly lower in the perpendicular vehicle in the parked
condition relative to the other two vehicles. Asaresult, only seat 4 showed a significant decrease from
parked to short-hdt. In the oblique vehicle, only seat 3 showed no sgnificant change across conditions,
while in the 4-forward vehicle, al seats showed a significant decrease (p<0.05) when vehicles changed
conditions. Figure 12 shows each of the mood states that comprise the two mood dimensions.
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Specific Mood States Reported @ Alertness
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O Happy
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Figure 12. Mood scores of the last day of training compared to threefield conditions

and a classroom test at the end of the experiment
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In the present study, there were three measures of deep: (1) the number of hours of deep
obtained on the previous night before each C2V fidd test; and two questions that documented the
quality of deep, (2) “troublefdling adegp” and (3) “number of waking episodes on the previous night”.
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Figure 13. Sleep duration reported on the night before C2V field tests (n=23)

The mean deep duration reported during the field exercises was 6.3 hours per night, which
ranged from 1.5 to 16 hours. An ANOVA on deep duration was performed to determine if this might
be related to observations of performance decrements relative to specific vehicles and seats. The
vehicle x seat interaction was significant (F=2.93, df=6,132, p<0.03), however, post-hoc comparisons
did not reved any sgnificant differences within or between vehicles for each seet. Trouble faling adeep
and the number of wakings reported on the previous night were analyzed and these variables showed no
ggnificant effects for vehicles and sedts.

The one exception was subject 15 who reported only 1.5 hours of deep prior to histest in the
perpendicular vehicle (seat 3). On the previous night this subject reported maxima trouble faling adeep
(mood/deep scale score =0.0), and the maximum number of awakenings (et least 6). On thistest day,
subject 15 responded with the maximum performance and activation mood dimension decrements
recorded from all subjects and test batteriesin this study. Composite performance showed a decrement
of —33.5%, equivaent to aBAL% of 0.22%. All seven subtests exhibited decrements of at least —
25.6%, greetly exceeding the minimum impact of —5% for 5 of 7 subtests known to effect operational
efficiency (Turnage & Kennedy, 1992).
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V. Physiological Responses

Physiologica data during field exercises were recorded on analog cassette tapes. Data
from these tapes were digitized and processed on a Concurrent computer with custom
software. These data were then edited to remove artifact and reduced to 15-second averages
for each physiologica channel. Time code recorded on anaog tape was used to select specific
epochs that corresponded to the C2V field test conditions of park, move and short-hdlt.
Physiologica datawere collected only on the soldiersin seat 1 and seat 3 of each vehicle.
Missing data for each subject was replaced with interpolated means before atistical anadyses.
Figure 14 shows the changes in physiologica response means across vehicles, seats and
conditions. Summary results from ANOVA (3 vehicles x 2 seats x 3 conditions) are described
in Table 7. Sources of variance of mogt interest in this study were the main effect for condition
and the interactions of vehicle x condition and sest x condition.
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Figureld. Means and sem of physiological responses during C2V field tests (N=23)
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Table 7. Summary ANOVA Results of Physiological Response M eans

Heart Rate Respiration Skin Conductance | Temperature
Sour ce df F p< | F p<| F p< | F

Vehide 2,44 ns ns ns 6.20 0.005
Seat 1,22 ns ns ns 51.95, 3.18E-07
Condition 2,44 31.51, 3.16E-07 | 17.83, 0.00005 | 4.85, 0.03 | 44.8, 3.94E-07
Veh. x Seat 2,44 4.05, 0.02 ns ns 20.15, 1.83E-06
Veh. x Cond. | 4,88 ns ns ns ns

Seat x Cond. | 2,44 ns ns ns 16.73, 0.00004
VXxSxC 4,88 ns 3.53 0.01 ns 7.13, 0.0007

The main effect for condition was sgnificant for dl four physiologica response means.  Post-
hoc comparisons (Tukey's HSD) of the park vs. move conditions were significant for heart rate
(p<0.006), and skin temperature (p<0.003). Comparisons for park vs. Short halt were significant for
heart rate (p<0.01), respiration rate (p<0.001), and skin temperature (p<0.001). The comparison for
move vs. Short hat was sgnificant only for respiration rate (p<0.004). Inspection of figure 14 shows
that heart rate decreased during the change from park to move and remained low during the short halt
conditions. Respiration rate dso tended to decrease from the park condition but was only significantly
lower than park during the short-hat. Skin temperature, like heart rate, decreased from the park to
move and remained low during short hat. Post-hoc comparisons for skin conductance level were not
sgnificant.

The vehicle x condition interaction was not sgnificant for any variable, and only skin
temperature was found to be significant for the seat x condition interaction Post-hoc comparisons of
this measure showed that the decrease in temperature from the park condition was greater in seat 3
(rear) than in seat 1 during the move (p<0.0003) and short hat (p<0.005)

The accelerometer transducer, worn on the soldier’ s helmet measured velocity and force
(movement in three different axes) with respect to field test conditions. This variable was used to
confirm that epochs selected correctly corresponded to the movement profile of the C2V fidd tests, and
to determine if there were differences between seats and vehicless ANOVA was performed on the x-
axis only, as the other two axes (y and z) were comparable. Only the main effect for conditions was
significant (F=148.29, df=2,44, p<9.99E-16). Post-hoc comparisons of conditions were al sgnificant
(p<0.00001).

A second metric used to characterize physologica changes was the coefficient of
variation (standard deviation / mean), for each response. The coefficient of variation provides a
measure of response variability across field conditions. Figure 15 shows these data for each sest,
vehicle and condition.
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Figure 15. Physiological response variability, expressed asthe coefficient of variation, across
vehicles, seats and conditions.

Table8. Summary ANOVA Results of Physiological Response Coefficient of Variation

Heart Rate Respiration Skin Conductance | Temperature

Source af F p< | F p<| F p< | F p<
Vehide 2,44 4.20, 0.03 ns ns 5.22 0.01
Seat 1,22 1148, 0.002 ns ns 22.44, 0.0001
Condition 2,44 77.65, 3.16E-10 | 38.42,2.17E-09 ns 21.19, 4.19E-07
Veh. x Seat 2,44 ns ns 4.58, 0.02 ns
Veh. x Cond. | 4,88 5.64, 0.002 ns ns ns
Seat x Cond. | 2,44 ns ns ns ns
VxSxC 4,88 ns ns ns ns
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The main effect for condition was significant for dl variables except skin conductance. Post-hoc
comparisons (Tukey’ s HSD) of the park vs. move conditions were significant for respiration rate
(p<0.0003), and skin temperature (p<0.0001). Comparisons for park vs. short halt were sgnificant for
heart rate (p<0.00001), and respiration rate (p<0.01). The comparison for move vs. short halt was
sgnificant for heart rate (p<0.0005), and skin temperature (p<0.001). Inspection of figure 15 shows
that variahility of the heart rate response increased during the change from park to move and continued
to increase during the short hat conditions. Respiration rate variability aso tended to increase from the
park condition with only adight decrease (not significant) during short-hat. Skin temperature
variability, smilarly increased from the park to move and then decreased again during short hat. The
vehicle x condition interaction was only significant for heart rate, however, the post-hoc comparisons
between vehicles for each condition were not significant.

It iswdl known that physiologica responses to stressful simuli are highly idiosyncrtic; where
some subjects show larger magnitude responses in one variable than another (Engel, 1972; Cowings, et
al., 1986; Cowings, Naifeh, and Toscano, 1990; Stout, Toscano and Cowings, 1993). Continuous
physiologica monitoring during the 4-hour field tests provided more information about environmenta
impact on crew than was possible from measurements taken at discrete intervals. These data reflect
immediate responses to changes in environmental conditions and the time-course of both onset and
recovery from simulation. Figure 16 shows the physiologica data of sx soldiers expressed as one-
minute contiguous averages. This graph illustrates individud differences in autonomic respongvity.

The graph on the left shows the data of three soldiers from one field test who showed
consgtently “good “ overdl performance during this experiment. The figure on the right shows three
soldiers, sdlected for consstently ‘poor” overdl performance. The keys of this graph show the
composite performance percent change and averaged symptom scores of each subject on this specific
test day. The colored bars on the x-axis at the bottom of these charts represent the approximate
periods of theinitid park (blue), move (green), and short-halt (red) conditions. It is noted that these are
only gpproximetions, as the duration of these field conditions varied widdly from day to day. On
average, park and short-halt periods were 10-15 min in duration, while move conditions varied from 30
to 50 minutes. The specific tests shown here were sdlected because they were: representative of the
specific subject’s physiologica response profiles throughout C2V field tests, contained complete
performance, mood and diagnostic data, and were not interrupted by vehicle or computer mafunctions.

Ingpection of figure 16 shows that subjects with poor performance had higher heart rate levels
and greater variability on al parameters than the good performers. Alsoiit is apparent thet relatively
large changes, particularly in skin temperature, occurred as field conditions changed. Subject 14, who
reported only dight motion sickness symptoms during this test but whose performance was congstently
poor shows physiological responses patterns Ssmilar to the two other subjects with poor performance
and severe motion sickness.  Either subject 14 was reporting symptomsincorrectly or was unaware of
his’her physica reaction to environmental changes.
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Discussion:

The primary question addressed by this investigation was to determine the effects of C2V
seet configuration during mobile field operations on incidences of motion sickness and on the ability
of soldiersto perform cognitive and psychomotor tasks. The methodology of convergng indicators,
which included performance variables, mood state scaes, symptom reports, and physiologica
responses, has been found to increase the accuracy of the assessment of motion sickness (Stout and
Cowings, 1993). This gpproach likewise, proved successful in the present study asit provided
multiple indicators of both subjective and objective effects of environmental impact on soldier
functiona date.

M otion sickness was reported by al subjects with symptoms ranging from dight to severe.
Although only 15% of the participants experienced actua vomiting, resultsindicated no Setistical
differences between vehicles and seats, but in dl cases, symptom levels increased as conditions
changed from park to move to short-halt. Drowsiness, the most frequently reported symptom,
increased significantly acrossthe field conditions. Although there was some drowsiness reported in
theinitia park condition, it was gpparently unrelated to the previous night's deep.

The diagnostic scae employed in this study was devel oped by a US Navy research group
(Graybid, ) and has been used extensvely by researchersin thisfied (Cowings, Crampton, ). It
congsts of easy to understand questions regarding specific symptoms experienced, which are later
subjected to a standardized scoring method allowing comparisons across many studies and
environmenta conditions. It is, none-the-less, a subjective scae, which depends heavily on the
accuracy of initid reports. In most research environments, the subject’ s report is complemented by
smultaneous observations by atrained investigator. Such symptoms as “pdlor’ for example, require
that another person observe the subject to provide this metric. In the present study, no observer
trained in this assessment scale participated. Further, the levels of symptoms reported may have
been incons stent, with some subjects “over reporting” (e.g., subject 16) and others “under-
reporting” symptoms (e.g., subject 14). The latter may have been the result of insufficient training
some of the test participants during the pre-test classroom ingtruction period. These training issues
may be corrected future studies.

Despite these factors, however, the frequency of specific symptoms reported and timing of
their occurrence within the field test operations are congstent with the conclusion that motion
sickness did occur and that symptom incidences and severity were related to C2V test conditions.
Thisfinding is conggent with the literature on the etiology of motion sickness as afunction of sensory
conflict (Reason and Brand, 1975).

Performance analyses also reveded no substantial differences between vehicles and seats
within vehicles. The composite performance was not sgnificantly degraded in vehicle 3 (4-forward)
but thiswas largely influenced by only 3 of the 7 subtests. Caculation of BAL %, used as an index
of relative impairment showed that 19 of 23 subjects were >0.025% and 8 of 23 were >0.08%
during the move conditionsin the C2V fidd tests.
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Unlike the symptom scale, performance metrics provide a more objective means of
asessing environmental impacts on individud functiond state, with proven vaidity and rdiability
(Kennedy ). The Délta performance battery employed in the present study has been shownin
severd sudiesto rdiably predict military operationd performance (Turnage and Kennedy,
1992Bliss, 1990; Hodgson and Golding, 1991). Training data obtained during pre-test classroom
indruction and cohort analysis indicated that the training process was reliable and that there were no
consequentia differences between the Ft. Hood soldiers and other groups previoudy tested.

The number of performance batteries completed during the C2V fidd tests ranged from 31
to 86 trids resulting in differing amounts of practice for test participants. The reliability of the percent
decrements reported were dependent on the rdliability of basdline performance. Basdling, in this
study, was the mean of the last training trid in the classroom and the post-fidd test classroom tridl.
These decrements reported, therefore, require further validation following mathematica detrending of
the individua practice effects for each subtest. Despite the lack of detrending performed thus far, it
is noted that al subjects were found to have reached atraining performance plateau after only 8
sessions of the pre-test classroom sessions.  Further, z-score caculations used in datistical andys's
of performance changes were based on dl scores of al subjects collected throughout the
experiment.

Performance decrements associated with different BAL% levels were established by
Kennedy (Kennedy, et d, 1993) and were employed in our own research on performance effects of
promethazine (Cowings, et d., 1996). However, the BAL % conversion formulas used in the 1986
study were based on a double blind design with placebo controls, which were not available in the
present study. Further earlier tests were based on the DELTA precursor test battery (Automated
Portable Tests System), which was presented on a different platform. As such, eva uating subject
impairment in terms of BAL % in the present study is somewhat speculative. However, subject 16 in
the present study showed a mean performance decrement during the move condition of-32.6%,
which greetly exceeded the criteria of performance decrements in the promethazine study
comparableto a.15 BAL%. It may be concluded that others with high BAL % scores were dso
severdy performance impaired. It was concluded that there was a substantia negetive impact on
cognitive and psychomoto performance observed in this study on al three vehicles when operationa
conditions changed.

M ood states were aso derived from a subjective scale. As such these data provide another
metric for assessing the subjects perception of the environmenta impact on his functiond state. Both
the activation and affective mood dimensions were generally more negative as the fidd conditions
changed. Further, these mood state responses corresponded to lower physiologica response levels
(i.e., decreased arousdl) and degradation’ s in performance.

Sleep data obtained from this study, both on quantity and qudity of deep obtained on nights
prior to C2V tests were found to be comparable across vehicles and seats. This was an important
measure reldive to the goas of this study because significant performance degradation is well
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documented in response to deep loss and workload fatigue (Naitoh, 1969). There was
condderable variability in the amount of deegp obtained, despite ingtructions to subjects to avoid late
night activities, etc., that would reduce the optimum deep-waking durations. Subjectsin this
experiment averaged 6.3 hours per night which is 1.4 hours less than the average deep duration
reported for a comparable group of 20-29 year olds (Tune, 1969).

Physiological data represent an objective index of responses to environmental stimuli.
Research by our research group on over 120 subjects showed that there are significant differencesin
autonomic responsvity (i.e., response variability) related to motion sickness susceptibility. Highly
susceptible subjects showed larger response magnitude changes and greater respongitivity to
changes in motion sckness inducing stimulus intendity than moderate or low motion sickness
susceptibles, (Cowings et. a, 1986). Further, aso patterns of autonomic responses to motion stimuli
were highly idiosyncratic, the same subjects tended to produce a stable response profile over
repesated exposures to stimulations (Cowings, Naifeh and Toscano, 1990; Stout, Toscano and
Cowings, 1993).

Anayses of these data show response changes associated with changesin field conditions
were comparable across vehicles and seets, with some minor exceptions. The reduction in heart rate
when conditions changed from park to move to short hdt, for example is consstent with reduced
arousal. Because these responses profiles vary widdly acrossindividuas, detailed assessment of
physiologica changes and their correlation to specific performance and symptoms reported would
require anadyses for each individua subject, which was beyond the scope of this study. This method
for assessing individua responses to motion sckness stimuli, however, has been used extensively in
past research to determine optimum responses to target for training subjects to reduce response
variability and thereby increase both motion sickness tolerance and performance (Cowings, 1990;
Cowings.& Toscano, 1997; Kéellar, et a, 1993, .Toscano.& Cowings, 1978).

Other factors which may have influenced the results of this study include vibration, prior
experience in this vehicle, noise, changes in ambient temperature. Vibration in particular, may have
effected visua acuity, in which the greatest impairment occurs at 10-25Hz (Hornick, 1973). Lower
frequencies (between 0.12 and .4Hz) have been found to be associated with inducing motion
sickness symptoms (McCauley and Kennedy, 1976; Alexander et. a, 1945; and Cowings, 1990).
Effects of vibration on manua dexterity as measured by tracking tasks showed greatest number of
errors occurred at 5-11Hz (Buckout, 1964). Vibration data obtained from accel erometers mounted
at various stes on the vehicle may provide further illumingtion into this phenomenon. The
accelerometers worn on the subject’ s helmets were used primarily for ng the average
movement across field conditions.

The soldiers selected for participation in this study had relatively little previous exposure to
armored tracked vehicles when this experiment began, but by the time tests concluded, had
experienced a maximum of 12 course excursons. Thereis little evidence to conclude that their
performance improved with experience, particularly in light of the observation that performancein
vehicle 2 (perpendicular) was aso degraded, even though these tests occurred late in the experiment
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desgn. If anything, there may have been an increase in reports of fatigue and motion sSckness
symptoms as subjects became more sengtized to the C2V environment.

Although there are undoubtedly numerous other analyses that may be performed on the data
obtained from this experiment, we conclude that there is sufficient information to answer the specific
questions posed by the army. The preponderance of evidence provided b multiple metrics used in
this study lead to the conclusion that (1) thereis no Sgnificant difference between vehicle
configurations and (2) that negative impact on crew performance and health is caused when subjects
attending to visua computer screens attempt to operate when the vehicleismoving. The degree of
symptoms and performance decay is not substantialy reduced by intermittent short-halts.

The problems encountered with the C2V are not platform related but are mission related.
Modification of the vehicle is unlikely to result in substantid improvements. The recommendation is
that crew sdlection (of individud with higher tolerance to this environment) or training designed to
improve tolerance, be implemented.
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